very expansive; furthermore it is carried out in an impassable terrain. A modern approach may be based on the exploitation of remote sensing data. The use of aerial photography has a long tradition in forestry (Žíhlavník 1999) . Such data must be combined with a land survey, typically on sample plots. The results can be more precise but field work is essential. One possibility is grounded in a selection of single trees which are identifiable in the aerial photography. The most comprehensive analysis of this approach is presented in Korpela (2004) .
Both forest managers and ecologists require accurate and timely data that describe vegetation conditions. Needs for such data are increasing with current emphasis on ecosystem management, escalating silvicultural treatment costs, evolving computer-based decision support tools, and demands for greater accountability. Deficiencies associated with field survey methods of data acquisition (e.g. high costs, subjectivity, and low spatial and temporal coverage) frequently limit decision-making effectiveness. The potential for remotely sensed data (aerial photographs) to supplement field-collected forest vegetation management data was evaluated in literature as the most suitable (Pitt et al. 1997) .
Similar problems arise during the evaluation of forest ecosystems in catchments of two lakes in the Šumava Mts. (Bohemian Forest). Some results were published earlier without detail method description (Svoboda et al. 2006a (Svoboda et al. , 2009 ). This paper demonstrates the comparison of growth conditions in both catchments on top of it.
METHODS

Study sites
Catchment of Plešné jezero Lake
Research was carried out in the catchment of Plešné jezero Lake (48°46'35''N, 13°52'0''E; the altitude ranges between 1,090 and 1,375 m a.s.l.; total forested area is 56 ha) in the Bohemian Forest Mts. Basic information describing the lake, its watersheds and the forest stands is provided by Kopáček et al. (2002a) . Environmental conditions are represented mainly by higher altitudes (median altitude is 1,187 m a.s.l.). Slopes are steep: 50% of the area is with slopes up to 0.36 (20°), 75% of the area up to 0.57 (30°), 95% of the area up to 1.17 (49°) and 99% of the area up to 2.23 (66°). Geological bedrock is built of porphyric muscovite-biotite granite (Eisgarn type) according to the Geological map of the Czech Republic (1:50,000).
Main forest types according to the typological map give the first insight into vegetation conditions [the Czech Ecosystem (Site) Classification system has been employed (Viewegh et al. 2003 The 8 th forest altitudinal zone reaches to the lowest part of the catchment. It results in a rougher climate. Almost all trees in the catchment are represented by Norway spruce (Picea abies L.). The locality is surrounded by a wide belt of forests without any strong human activity. The spruce was also planted at lower altitudes around the catchment.
Catchment of Čertovo jezero Lake
The Čertovo jezero Lake catchment (49°9'55''N, 13°11'50''E; the catchment altitude ranges between 1,027 and 1,343 m a.s.l.; 76 ha in total of forested area) is described by Kopáček et al. (2002b) in detail. Median altitude is 1,136 m. Slopes are gentler: 50% of the area is with slopes up to 0.30 (17°), 75% of the area up to 0.49 (26°), 95% of the area up to 0.82 (39°) and 99% of the area up to 1.07 (47°). Geological conditions are not so simple. Near the lake, the glacial (Pleistocene) sediments are found. The northeastern part of the catchment is represented by mica schist with garet and andalusite. It is changed to muscovite-biotite paragneiss with sillimanite in the western to south-western part (according to the Geological map of the Czech Republic). 
Sample tree measurement
Sample trees of Norway spruce were randomly selected in the field in 2004. Each sample tree was identified in the aerial photo before measurement. The tree selection was done to represent all objectively selected partial plots stratified according to the elevation and forest-site conditions in both catchments. Both the tree height (H) and the diameter at breast height (dbh) were measured for each sample tree. Altitude and terrain inclination of each tree site were obtained from DEM. A total of 158 sample trees were measured in the Plešné jezero Lake catchment. In the catchment of Čertovo jezero Lake, Norway spruce was represented by 217 trees, and 66 European beech trees were measured additionally without localization under random selection (Svoboda et al. 2008 ).
Measurement of tree crown diameters using program PlotOA
A special transformation equilibrates pixels with different illuminations. If (R, G, B) is the colour vector of three colour components for red, green and blue, transformed components are calculated as r, g, b according to the equations
The procedure seeks a homogeneous circular area around the determined point -the centre of tree crown. An average diameter of the homogeneous area is reported as tree crown diameter (D). The homogeneity measure is calculated as a three dimensional variance. It is the sum of the weighted variances for three colours red, green, and blue. The square root of this variable for an area of determined size is referred to as L: (2) where: w r , w g , w b -weights of three colour components.
Variances (e.g. var ρ (r) for red) are calculated over all pixels with distance to the tree centre less or equal to radius ρ. L is the function of ρ. The crown edge is represented by a sharp change of colour properties of respective pixels. It should be depicted as a sudden increase in the L variable. The employed program PlotOA (Matějka 2006) is able to calculate such
Each sample tree was described by a set of parameters: H, dbh, altitude, D, LIMITVAL, and averages of transformed values for the red, green and blue components over all pixels representing the crown circle. Variable relationships were studied using principal component analysis (PCA). It is necessary to reiterate that colour parameters (average values over all pixels within the selected circle) and LIMITVAL are independent of tree size variables (Svoboda 2006a) .
Data processing
Relationships between any two variables were quantified using standard linear or quadratic regression analysis. The sum of least squares was used to calculate the regression equations. Biomass of the compartments of a single tree was calculated using the following general allometric equation:
where: W -weight of any particular tree compartment (stem wood, stem bark, live branches, and foliage in kg of dry matter), values a, b -empirical constants, specific for the dry matter of tree biomass in Norway spruce forests of the Czech Republic (Černý 1990), dbh (cm), H (m).
This form of equations is the only one acceptable in the study data set because only two tree dimension variables are accessible. Other relationships can be compared with literature (Dimitris et al. 2005 ). The total stem dry matter was calculated as the sum of Wsw (stem wood), Wsb (stem bark), Wb (branches), and Wf (foliage), which were calculated using the respective a and b constants (Černý 1990) , and root biomass. Root (belowground) biomass of Norway spruce trees (Wr) was related to the stem and branch biomass using the empirical relationship derived from data published by Vyskot (1981) :
where: Wb, Ws -weight of branch and stem biomass, respectively.
The value of Wr includes the coarse roots only.
Stand spatial properties
Distribution of single trees in each sample square was described by Clark-Evans' statistics (CE; e.g. Cressie 1991, p. 602-613) . The values CE < 1 indicate tree clumping (aggregated pattern) by contrast to the values CE > 1 which are peculiar to near to regularly distributed trees (regular pattern).
RESULTS AND DISCUSSION
Catchment of Plešné jezero Lake
The prevailing part of sample squares demonstrates a random to regular pattern of trees. The tree aggregation is visible in the most extreme environmental conditions around the rock face (Fig. 2) . Average density is 154 trees/ha (standard deviation . This density is related to both the site altitude (Fig. 4 ) and the inclination (Fig. 6) . The steepest slopes show more declined density. The spruce crown diameter is more reduced at higher altitudes (Fig. 5) . Tree height is related to altitude (Fig. 7) . Less suitable growth conditions are reflected by lower height increases (Fig. 8) -the drawn line is slightly rotated to horizontal direction.
Crown diameter as the basic tree size parameter measured on the basis of aerial photos has the average of 4.5 m, standard deviation 1.35 and skewness 0.69 (very important deviation from 0 on the level α < 0.1%).
Size parameters of individual trees in sample squares were assessed according to regression in the set of terrain sample trees (dbh = 39.9 + 3.01 × D; H = 63.5 -0.0352 × ALTITUDE + 1.07 × D). These values represent the basic data set for assessment of individual tree biomass (Table 1) which can be recalculated to stand biomass ( Table 2 ). The average total stand biomass was calculated as 197 t/ha. The stand biomass is higher than reported by Svoboda 
Catchment of Čertovo jezero Lake
Trees demonstrate a random to regular pattern in the prevailing part of sample plots (Fig. 3) . The first signs of aggregation are visible dispersed in width border strip by the edge of the catchment as a consequence of tree damage.
Average density is 200 trees/ha (standard deviation 65.7). Tree density is less dependent on altitude, nevertheless, the relationship is similar to that from the previous catchment (Fig. 4) . A similar situation can be found in relation to inclination (Fig. 6) . The whole curve is shorter because the inclination is dispersed in a narrower interval. Norway spruce trees have bigger crown diameters than in the catchment of Plešné jezero Lake. The relation of tree height to altitude is flatter (Fig. 7) .
Basic statistics for crown diameter are the mean of 4.9 m, standard deviation 1.27 and skewness 0.45 (very important deviation from 0 on the level α < 0.1%). Larger crowns of trees with slenderer stems point to more favourable growth conditions and younger stand around the Čertovo jezero Lake compared to the Plešné jezero Lake. Lower values describing size variability are typical of forests under planting. The numerical differences can be confronted with graphical means -histograms (Fig. 9) . Size parameters of individual spruces in sample squares were assessed according to regression in the set of terrain sample trees (dbh = 25.2 + 4.58 × D; H = 23.3 -0.0045 × ALTITUDE + 1.52 × D). These equations are similar to regression in the Plešné jezero Lake catchment. Individual tree biomass (Table 3) is lower than in the first catchment. The average total stand biomass of spruce was 156 t/ha (Table 4) . Accompanying beech is less important because the size of individual trees is smaller (Table 5, data from Svoboda et al. 2009 ). Beech reaches up to 1,250 m a.s.l. It is in agreement with determining the lower altitudinal limit of the natural spruce belt (8 th zone), which lies between 1,150 and 1,250 m in the region of the Bohemian Forest Mts.
It is necessary to remember tree cutting in the past. This fact moderates parameters of the canopy -tree composition (increase in spruce), (higher) tree density and, as assumed, even the age. Sites are probably impoverished of the nutrient content resulting in the poorer herb layer (Svoboda et al. 2006b ).
Comments on the method used
The combination of aerial photos and land survey aimed at single trees for determination of tree stand biomass was tested in two localities. The main deviation in total biomass depends on the method used for calculation. The precondition of existence of an error in the measurement of trees with large crowns leads to a procedure based on sorting trees into size classes, where the size of the biggest trees can be limited (Svoboda et al. 2006a ). The resulting value represents the lower approximation of tree biomass stock -134 t/ha in the Plešné jezero Lake catchment. It accounts for 68% of biomass assessed according to Table 1 . Average size/biomass parameters of single tree (Picea abies L.) in the Plešné jezero Lake catchment according to trees in the set of sample squares. n -number of trees in sample squares, dbh -estimated average tree diameter at breast height, H -estimated average tree height 
CONCLUSIONS
This paper brings a description of the method for assessment of tree stand biomass based on the combination of georeferenced colour aerial photos and limited field measurement of individual trees. The used method of tree measurement on the basis of aerial photos is based on the same principle as some other approaches -for instance automated detection of trees (tree tops) described by Šumbera and Židek (2002) . The technique was carried out in two localities of Norway spruce forests -small catchments of natural lakes in the Bohemian Forest (56 and 76 ha in size, respectively).
The catchment of Plešné jezero Lake represents a typical Norway spruce stand of the region. The phenomenon of an anemo-orographical system (Jeník 1961 ) is visible there demonstrated in the differentiation of environmental conditions of sites at separate places according to altitude and/or inclination.
The catchment of Čertovo jezero Lake lies approximately 50 m lower. The structure of the stand was changed during the last two centuries. The cutting was performed there resulting in an increase in Norway spruce and a decrease in both the tree average age and the size. Total stand biomass is decreased by 12% compared to the Plešné jezero Lake catchment.
There are some features common to both catchments: (a) Regular to random tree pattern prevails. Tree clumping is typical of the most extreme stands. Presented data describes the situation at the date of photography (in 2000) . The current situation is quite different. Serious dying of the tree layer around the Plešné jezero Lake was caused by the bark beetle (Ips typographus) gradation. Some parts of the Čertovo jezero Lake catchment were affected by last winds. 
